Background: Existing brain imaging studies, investigating sexual arousal via the presentation of erotic pictures or film excerpts, have mainly used blocked designs with long stimulus presentation times.
Background
Redoute proposed a model of sexual behavior, which differentiates four different components: a cognitive, an emotional, a motivational, and a physiological one [1] . The cognitive component comprises an evaluation process during which the incentive value of a stimulus is appraised and attention is directed to it. The physiological component is related to autonomic and endocrinological changes, preparing the individual for sexual behavior in a physiological sense. The emotional component is seen as the subjective experience of hedonic feelings associated with sexual arousal, whereas the motivational component includes the desire to satisfy sexual arousal, resulting in goal-directed sexual behavior.
Over the last years, a growing number of studies have investigated brain processing of visual sexual stimuli with functional magnetic resonance imaging (fMRI) or Positron Emission Tomography (PET). These studies have found that erotic stimuli elicit activity in a widespread neural network, whose different parts have been associated with different components of Redoute's sexual behavior model [1, 2] . Cortical structures repeatedly found activated include parietal, occipitotemporal and frontal areas as well as the cerebellum, the insular cortex and the cingulate gyrus. Subcortical areas reported are the basal ganglia, the amygdala, the thalamus and hypothalamus (for an overview see Table 1 ). High spatial resolution images acquired with 7 T fMRI even allow a clear functional distinction between adjacent subcortical structures such as the anterior caudate and mediodorsal thalamus [3] .
Differences in stimulus induced brain activity reported by these studies might be related to stimulus content (sexual intensity: slightly erotic stimuli vs. pornographic material), presentation mode (static images vs. film sequences) and design type (presentation length of the stimulus material: blocked design vs. event-related design). The differences arising due to stimulus content and presentation mode have already been addressed by two imaging studies, one using videos and static stimuli of graded intensities [1] , the other comparing activation elicited by video clips that lead to sexual arousal and penile erection compared to static images that induced sexual arousal without erection [4] . Whether emotion-inducing stimuli should be presented in a blocked or event-related fashion during fMRI is still a matter of debate. Especially in emotion research, the presentation duration appears to be important, not only from a methodological point of view, but also in respect of differences in information processing. Methodologically, blocked designs are superior in detecting activated brain areas, while event-related designs are superior in terms of estimation of the hemodynamic response function [5] . Blocked designs are often used due to their easier implementation since randomization, jittering and spacing of different stimulus categories is not necessary. Furthermore, artefacts can be more easily detected by visual inspection of the data time course [6] . Event-related designs are methodologically more demanding but allow for the randomization of stimulus presentation, thereby reducing confounds caused by stimulus order predictability [7, 8] . They further allow sorting trials post hoc according to behavioral responses, making this design more flexible than the blocked design [9, 10] . In respect of information processing, blocked designs differs from event-related designs. In blocked designs stimulus presentation length is prolonged and the occurrence of consecutive stimuli in a block is fully predictable [8] . Therefore block designs might more readily activate cog- Despite several excellent publications concerning theoretical methodological fMRI design considerations [5, [12] [13] [14] only a few attempts have been made to vary the design type while keeping the stimulus material and the experimental task constant. These studies compared blocked and event-related designs using different visual stimuli [15] , a finger opposition task [14] , auditory stimuli of different frequencies [16] or higher cognitive tasks, such as semantic judgment [17] . Only one study focused on emotional processing and to what extent brain activation elicited by stimuli depicting fearful and disgusting scenes depends upon the presentation design [11] . In both conditions event-related in contrast to blocked stimulus presentation elicited greater activation in the insular and orbitofrontal cortex.
We know from everyday life that a split second is often enough to decide whether a person is attractive or a scene is erotic. Behavioral studies support this idea by showing that even sexual stimuli presented to the subconscious influence later processing [18, 19] or can be used as conditioned stimuli in a classical conditioning paradigm [20] . Furthermore, correlates of erotic stimulus processing have been detected as early as 300 ms after stimulus presentation as shown in a recent electroencephalography (EEG) study by van Lankfeld et al. [21] .
Whether information processing is altered when erotic images are presented only for a brief period of time has not yet been addressed by existing imaging studies. A review of the literature on visually evoked sexual arousal revealed that fMRI studies have mainly used blocked stimulus presentation. None of these studies implemented an event-related design with brief presentation times of around one second.
In this study, we compared activation patterns elicited in an event-related design when erotic pictures are briefly (750 ms) presented with brain activity elicited by blocked stimulus presentation in which one block lasts around 20 s. We expected to identify an overlapping network for the blocked and the event-related design reflecting the neuroanatomical correlates of all four components of Redoute's [1] neurobehavioral model of sexual arousal. We hypothesized that the blocked design is superior in identifying areas involved in cognitive aspects of erotic stimulus processing, such as sustained attention and inhibition of sexual arousal. Furthermore, we anticipated for the eventrelated design that activation would be more pronounced in structures associated with the motivational and emo- 
fMRI design
All participants took part in two fMRI sessions at intervals of at least one week to reduce memory artefacts occurring due to the repeated presentation of the stimuli. The same stimulus set was presented during both fMRI sessions using either a blocked or an event-related design. In both designs stimulus presentation (erotic stimuli + neutral stimuli + fixation) was comparable in duration (eventrelated design: 9.11 min, blocked design: 7.59 min). The order of sessions was counterbalanced between participants. In both sessions participants were instructed to passively view the images and not to inhibit their emotions.
Blocked stimulus presentation
The 36 images were grouped in blocks of three stimuli, resulting in six blocks for each category. All stimuli were displayed for 6.6 s (i.e., the duration of one block was 19.8 s). The 12 blocks were presented in a pseudo-randomized order and separated by a passive fixation condi-tion of 19.8 s duration. Previously a similar design has successfully been used in our lab in studies on cue reactivity [24] .
Event-related stimulus presentation
The same 36 stimuli used in the blocked design were also presented in an event-related design. Images were arranged in individually randomized orders and presented for 750 ms with randomly jittered intertrial intervals (ITI), which allowed for the sampling of the Blood Oxygen Level Dependent (BOLD) signal at different peristimulus time intervals. The length of the ITI was uniformly distributed and ranged from 9.9 s to 19.8 s. A fixation cross was presented during the ITI. Such an fMRI design has previously been successfully used in our group in studies on processing of emotional stimuli [25] [26] [27] .
Data acquisition
Scanning was performed with a 1.5 T whole-body tomograph (Magnetom VISION; Siemens, Erlangen, Germany) equipped with a standard quadrature head coil. For fMRI, 24 slices were acquired every 3. 
Data analysis
Data were analyzed with Statistical Parametric Mapping (SPM99, Wellcome Department of Imaging Neuroscience, University College London, London, UK). The first five images were discarded in order to reduce T1 saturation effects. All individual data were spatially realigned to correct for head movement. Slice time correction was performed in order to minimize temporal differences in slice acquisition. The structural T1 data set was then coregistered to the first functional T2* image before being spatially normalized to a standard template (Montreal Neurological Institute (MNI) brain) using a 12-parameter affine transformation with additional non-linear components. The same non-linear transformation was subsequently applied to the functional T2* data and voxels were resampled at a resolution of 3 × 3 × 3 mm. The functional data were smoothed using an isotropic Gaussian kernel for group analysis (12 mm full-width at half-maximum).
First level statistics were performed by modelling both conditions (erotic and neutral stimuli) as explanatory variables within the context of the general linear model on a voxel by voxel basis (blocked design: boxcar function convolved with a hemodynamic-response function; eventrelated design: delta functions convolved with a synthetic hemodynamic response function plus temporal derivatives). Individual contrast images (erotic vs. neutral images) were computed separately for the blocked and event-related design and were then included in second level analyses.
For both the blocked and event-related design we identified brain regions that showed increased activation during presentation of erotic stimuli compared to neutral stimuli and vice versa using SPM F-contrasts. Task-related brain activity was regarded as significant if the probability of a Type I error was < 0.05 (two-tailed, False Discovery Rate (FDR) corrected) in 10 adjacent voxels. F-scores were transformed to T-scores by extracting the root. To distinguish posthoc between directions of the effect (erotic > neutral or erotic < neutral) we applied T-contrasts.
The analysis of differences in brain activity during eventrelated and blocked stimulus presentation was restricted to areas showing robust activation related to at least one of both designs. For this purpose a mask was generated using ImCalc implemented in SPM. We included all voxels activated during event-related and/or blocked stimulus presentation using a threshold of p < 0.01 (two-tailed, uncorrected) and a cluster size of at least 10 voxels. We applied this liberal threshold when generating the mask image to reduce erroneous exclusion of brain regions related to the task performance (lower probability of Type II errors). Moreover, the resulting increase of the volume of interest (VOI) made the analysis more conservative. Then, activation patterns during event-related and blocked stimulus presentation inside this VOI were compared using paired t-tests. The statistical threshold was set to p < .05 (two-tailed, FDR corrected for the VOI) and a cluster size of at least 10 voxels.
To plot the BOLD response (mean ± standard error of the mean (SEM)) during processing of erotic and neutral stimuli in the blocked and event-related design, we extracted the BOLD signal change of single peak voxels from the SPM contrast images (erotic -fixation; neutralfixation) using an in-house software running under Matlab (The MathWorks, Natick, Massachusetts, USA) ( Figure  2 ).
Behavioral measures
Following the second fMRI session, all 36 images used during the scanning sessions were shown to the participants outside the scanner. After presenting the stimuli for 6.6 s on a computer monitor, valence and arousal were assessed with the computerized form of the non-verbal pictorial Self-Assessment Manikin (SAM) [28] . Statistical analyses of the behavioral data were conducted with the statistical software package SPSS (version 12.0, SPSS Inc., IL). Normal distribution of the behavioral data was assessed with the Kolmogorov-Smirnov test. Valence and arousal ratings of erotic stimuli were compared with the corresponding ratings of the neutral stimuli using a paired t-test.
Results

Behavioral data
All behavioral data were normally distributed (K-S Z < 0.51, p > .190), thus parametric statistics were applied.
The mean levels of reported arousal assessed with the SAM were 6.75 (± 1.71) for the erotic stimuli and 3.80 (± 0.94) for the neutral stimuli, respectively. These differences in arousal were significant (T 9 = 4.28, p = .002).
The mean ratings in the valence condition were 7.52 (± 0.91) for the erotic stimuli and 4.98 (± 0.34) for the neutral stimuli. Erotic stimuli were rated as significantly more pleasant compared to neutral stimuli (T 9 = 7.71, p < .000).
Imaging data Blocked design Erotic stimuli -neutral stimuli
The fMRI BOLD response to erotic compared to neutral stimuli was significantly different (|T| > 4.77, p FDR < .05) in several brain regions. Greater activation in response to erotic stimuli was found in the right (BA 19, 37) and left (BA 37) occipitotemporal cortex, the right (BA 40) and left (BA 7) parietal lobe as well as in both frontal lobes (right: BA 6, 48; left: BA 6). The response to erotic stimuli was also more pronounced in the left cerebellum. In total 2419 voxels showed significantly higher activity during presentation of erotic compared to neutral stimuli (Table  2 and Figure 1A ).
Neutral stimuli -erotic stimuli
Higher activity during presentation of neutral control stimuli compared to erotic images was only found in the right temporal lobe. (Table 2) . Overall, 3003 voxels showed significantly higher activity during presentation of erotic compared to neutral stimuli (Table  2 and Figure 1B ).
When comparing the BOLD response elicited by neutral stimuli compared to erotic stimuli in the event-related design none of the brain areas showed significantly higher activity during presentation of neutral stimuli.
Blocked vs. event-related design
Task-related brain activity (p < .01, two-tailed, uncorrected) during at least one of both design conditions was found in 6308 voxels, i.e., a volume of 170 ml. The following analyses concerning differences between the design types were restricted to this VOI. A direct comparison revealed significantly different BOLD activity (|T| > 3.66, p FDR < .05) during blocked compared to eventrelated stimulus presentation in 650 voxels, i.e., 10.3% of the total VOI.
Blocked compared to event-related presentation revealed significantly more pronounced BOLD activity in occipitotemporal regions (right: BA 19, 37; left: BA 37), in parietal areas of both hemispheres (right: BA 7, 40; left: BA 7) and the right frontal lobe (premotor areas) (BA 6, 44) ( Figure  2 ; Table 3 , left panel).
Unlike locked presentation, event-related presentation elicited higher brain activity in the right temporal lobe (BA 48), the left insula/rolandic operculum (BA 48) and
Brain areas activated by erotic compared with neutral stimuli or vice versa in the blocked and in the event-related design (for illustrative purposes p uncorr. < 0.01; two-tailed; |T| > 3.25; cluster size ≥ 10 voxels) Figure 1 Brain areas activated by erotic compared with neutral stimuli or vice versa in the blocked and in the eventrelated design (for illustrative purposes p uncorr. < 0.01; two-tailed; |T| > 3.25; cluster size ≥ 10 voxels).
Activation maps (upper rows) for the comparison between the two design types (p FDR < 0.05 corrected for the volume of the entire mask (two-tailed; |T| > 3.66) and BOLD response data (lower rows) of single peak voxels (mean ± SEM) during processing of erotic and neutral stimuli in the blocked and event-related design bilateral frontal areas (supplementary motor areas) (BA 6) ( Figure 2 ; Table 3 , right panel).
Discussion
To clarify how the experimental design affects stimulusinduced brain activity in response to erotic compared to neutral stimuli in fMRI, we compared the presentation of such stimuli using a brief stimulus duration (0.75 s) in an event-related design with longer presentation durations in a blocked design (19.8 s).
Blocked and event-related design
In both designs we found increased activation in occipitotemporal regions, more precisely in BA 19/37, in response to erotic stimuli. Increased activation in occipitotemporal regions has been previously reported in response to the presentation of erotic films [29, 30] . Additional findings supported the interpretation that increased brain activation in occipitotemporal regions is not specific for erotic stimulus material per se but can be observed in response to emotionally laden stimuli in general. Therefore this could reflect motivated attention [31, 32] We observed a significant increase in the BOLD response in the premotor cortex (BA 6) for both designs. This area is involved in planning and mental rehearsal of a movement [34] . Animal research suggests that premotor cortex activation reflects the degree of motivation, presumably related to the motor readiness [35] . The motivational component comprises processes that direct behaviour to a sexual goal. Thus increased activation in the premotor cortex could be associated with the motivational component of Redoute's [1] model.
Blocked design
In the blocked, but not in the event-related design, we found a significant increase in activation in the inferior and superior parietal lobes (BA 7, 40). These structures have been shown to play a role in attentional processes [36] . In particular, the right parietal cortex has been shown to be part of an interoceptive attention system that monitors bodily states [37] and lateral regions of the posterior parietal cortex have been linked to sustained states of peripheral attention [38] . These finding suggest that parietal activation could be added to the cognitive component of Redoute's [1] model.
Event-related design
In accordance with previous findings concerning the processing of visual sexual stimuli using the event-related design we found activation in the insular and somatosen- sory cortices as well as in the thalamus. These structures have been proposed to play a role in the perception of one's own behavioral responses and representations of bodily states and are associated with the somatosensory processing pathway [4, 39] . Furthermore, insula activation has been linked to cross-modal matching and could reflect cross-modal transfer of visual input to imagined tactile stimulation [39] . Neuroimaging data expanded these results by showing that activation in the left insula is correlated with orgasm quality in women [40] . These findings support the role of the insula as an interoceptive monitoring system, which is activated when stimuli are associated with strong somatic experiences. We interpret the activation in these areas as the neural correlates of the emotional component of Redoute's [1] neurobehavioral model of sexual arousal, referring to the specific hedonic quality of sexual arousal and the perception of associated bodily changes.
The anterior cingulate cortex is part of the affective division, which modulates emotional and autonomic responses [2] and has previously been shown to be activated in response to erotic stimuli [29, 30] . According to Mouras and colleagues [41] , the activated caudal part of the anterior cingulate gyrus (BA 24) could constitute a neural correlate of the motivational component which comprises processes that guide behaviour to a sexual goal. Activation of the more rostral part (BA 32) could be assigned to the autonomic component, which includes various autonomic and endocrine responses, leading the subject to a state of physiological readiness for sexual behaviour. A recent study which aimed to distinguish specific sexual and general emotional effects in fMRI during erotic picture viewing, supported the idea, that activations in the anterior cingulate cortex were modulated by both, sexual intensity and emotional valence [42] .
The supplementary motor area (BA 6) has been suggested to be a motor-limbic interface important to the transformation of visually triggered emotional experiences into motor actions including erectile responses [43, 44] . The supplementary motor area might be regarded as part of the motivational component of Redoute's [1] model, transforming salient visual inputs into corresponding goal-directed behavior.
Blocked design -event-related design
The statistical comparison between the blocked and the event-related fMRI design revealed a significantly higher BOLD response during blocked presentation in the inferior and superior parietal lobes. As mentioned in the previous paragraph, these regions play a role in attentional processes [36] . Particularly sustained activity in lateral regions of the posterior parietal cortex has been linked to sustained states of peripheral attention [38] . Innervations from the anterior cingulate to the inferior and superior parietal lobe allow interactions with areas related to motivational processes, helping to maintain attention to stimuli when appraised as motivationally relevant cues [45] . It seems very likely that the blocked design requires sustained attention due to its longer stimulus presentation times.
We found further differences in occipitotemporal areas, which are supposedly not specifically involved in the processing of erotic or sexual material, but have been shown to be related to the processing of emotionally laden stimulus material in general. These regions seem to be involved in motivated attention, prompted by motivationally relevant cues, which direct attention and facilitate the processing of survival-relevant stimuli [31, 32] .
We observed significantly more activation in the right frontal lobe including premotor areas and the inferior frontal gyrus in the blocked, compared to event-related, design. A neural network including the premotor cortex, as well as superior and inferior parietal areas among others [34, 46, 47] , has not only been shown to be involved in action execution but also in imagined actions. As such, the increased activation could reflect enhanced imagination of erotic acts enabled through increased presentation length in the blocked design. The right inferior frontal gyrus is of uttermost importance in response inhibition. Increased activation in this brain area might reflect the necessity of increased inhibitory control of erectile responses in the blocked design due to longer stimulus presentation times.
Event-related design -blocked design
Comparing event-related with blocked presentation of erotic vs. neutral stimuli, we found significant differences in the right superior temporal gyrus/rolandic operculum and the left Heschl's gyrus/rolandic operculum. These differences are caused by a substantial negative response in the blocked design (erotic -neutral stimuli) compared to a slight and non-significant positive BOLD response in the event-related design. Our data show that these results are based on a deactivation in response to erotic stimuli (compared to fixation) in the blocked design, rather than on an increase in activation in response to neutral stimuli.
Deactivation of the primary auditory cortex (Heschl's gyrus) differentiates visual imagery from visual perception as shown by Amedi and colleagues [48] . They found that visual imagery elicits isolated activation of visual cortical areas with concurrent deactivation of "irrelevant" or "disturbing" sensory processes, thereby possibly avoiding a disruption of the internal image created by the "mind's eye", e.g., by scanner noise. Although we presented visual stimuli to our subjects, it can be speculated that erotic material could elicit visual imagery beyond the physical image presented during scanning.
Furthermore, significant differences were observed for the supplementary motor area (BA 6), which similarly resulted from a substantial negative response in the blocked design in response to erotic -neutral stimuli. This region has been shown to be involved in the control of movements triggered by visual cues with negative emotional content [43] and the generation of erectile responses to the presentation of sexually stimulating photographs [44] . These preparatory motor-related actions are possibly less problematic in the event-related design, due to short presentation times, but may have to be actively suppressed during blocked stimulus presentation.
In summary, the results of the comparison of a blocked presentation of erotic stimuli vs. neutral stimuli compared to an event-related presentation suggest that the activation differences between the design types result predominantly from changes (either increase or decrease) in the BOLD characteristics in response to visual erotic stimulation in the blocked design.
Increased activation in occipitotemporal, frontal and parietal brain areas in response to erotic stimuli in the blocked design probably reflects sustained visual attention to motivationally relevant stimuli, motor imagery as well as increased response inhibition of motor-related actions such as erection responses.
Decreased activation in temporal and supplementary motor areas in response to erotic stimuli in the blocked design could be related to deactivation of "irrelevant" sensory systems and the successful suppression of motorrelated actions such as erection responses [44] .
Limitations
Several methodological limitations need to be addressed. First, to reduce effects of motor-related processes on the BOLD response, we did not include a performance measure that controls for shifts in attention during the fMRI scan. Instead, we compared visual presentation with the resting condition and verified that, during the entire scanning procedure, all subjects showed substantial brain activation in occipital and fronto-parietal regions, indicative of attentional processing of visual information. Second, the sample size of this study is small, thus moderate signal increases might be missed due to a high probability of a Type II error. On the other hand, finding significant BOLD activations in such a small sample may indicate a strong effect size. Third, neutral images similar to those used in most published studies were used as control stimuli. Therefore we cannot differentiate between emotional and sexual components in the neural network underlying sexual arousal [42] . Forth, only male participants were included in the study to minimize the variability in cueelicited brain activation. This certainly affects the generality of the results, as women have shown to differ from men in their preference of sexual stimuli [49] . Future studies are strongly needed to clarify whether the results of this study hold not only for men but also for women and/or individuals with homosexual orientation. Last, we were not able to detect a significant increase in activation in the amygdala, hypothalamus or striatum in response to erotic images, as previously reported by other studies. This finding could be attributed either to the small sample size and hence lower detection power in our study or the use of static images instead of films.
Conclusion
Our results show that event-related presentation of erotic stimuli for only several hundred milliseconds activates brain circuits known to be relevant in processing of erotic images.
Blocked, compared to event-related, presentation of erotic stimuli additionally allows for the emerging and detecting of non-specific secondary processes, including sustained attention to relevant stimuli, motor imagery and intentional suppression of motor-related actions such as erection responses. Although sexual arousal and attention are important components of sexual behavior, it is difficult to control for these unspecific processes and they might interfere with the detection of networks associated with immediate processing of erotic stimuli.
In summary, our findings suggest that event-related designs might be a potential alternative when the core interest is the detection of networks associated with immediate processing of erotic stimuli. 
